We propose that the superconductivity recently observed in Nd0.8Sr0.2NiO2 with critical temperature in the range 9 K to 15 K results from the same charge carriers and the same mechanism that we have proposed give rise to superconductivity in both hole-doped and electron-doped cuprates: pairing of hole carriers in oxygen pπ orbitals, driven by a correlated hopping term in the effective Hamiltonian that lowers the kinetic energy, as described by the theory of hole superconductivity. We predict a large increase in Tc with compressive epitaxial strain.
The infinite-layer phase of these materials has no apical oxygens, and is the same structure as that of infinitelayer electron-doped cuprates [2] Sr 1−x Ln x CuO 2 with Ln = La, Nd, Sm or Eu, which have superconducting transition temperatures in the range 35-40 K. The parent compound of those electron-doped cuprates, SrCuO 2 , is insulating when undoped and can only be doped with electrons, not with holes. Instead, NdNiO 2 , the parent compound of these new nickelate superconductors, is metallic and (so far) can only be doped with holes. There are also some infinite layer cuprates that appear to be hole-doped, such as Ca 1−x Sr x CuO 2 [3] , but generally hole-doped cuprate structures, such as La 1−x Ba x CuO 4 contain apical oxygens [4] .
It is easy to understand these doping characteristics. LaCuO 4 can be doped with holes because the presence of O −− apical oxygens lowers the electrostatic potential at the Cu ++ site. Another way to lower the electrostatic potential at the cation site is to replace Cu ++ by Ni + , without apical oxygens. For that reason, these new nickelates [1] can be doped with holes. Instead, with Cu ++ and no apical oxygens the electrostatic potential is higher so it is easier to dope with electrons rather than with holes.
Notwithstanding the type of dopant charges, we have The O-pπ orbitals point in a direction perpendicular to the Ni-O bonds, and the pσ orbitals in a direction that is parallel. We propose that doped holes reside in a band resulting principally from overlapping O-pπ orbitals, the same as for for both holeand electron-doped cuprates.
proposed that superconductivity in hole-doped [5] and electron-doped [6] cuprates arises from the same carriers through the same mechanism [7] . The fact that the same type of carriers appear to be responsible for the superconductivity of hole-doped and electron-doped cuprates has in our view been firmly established by extensive experimental evidence [9] [10] [11] [12] [13] [14] [15] . The newly discovered superconducting nickelates share with the hole-doped cuprates the fact that they are hole-doped, and share with electrondoped cuprates the fact that the structure has no apical oxygens. It would not be very surprising if the same carriers and the same mechanism account for the superconductivity of these new materials also. Figure 1 shows the relevant orbitals in the NiO (or CuO) planes. The consensus for the cuprates is that both under hole or electron doping the doped carriers go into the Cu-d tivity. Instead, we have proposed that it is always holes in O-pπ orbitals that give rise to superconductivity. For electron-doped cuprates, electrons go into the Cu-d x 2 −y 2 O-pσ band and induce holes into the O-pπ orbitals [7] . Instead, for hole-doped cuprates and nickelates, the doped holes go directly into the O-pπ band. We have argued that for both hole-and electron-doped cuprates orbital relaxation of the highly negatively charged oxygen anion lifts the O-pπ orbitals to the Fermi level [8] , contrary to what band structure calculations predict. Clearly the same argument applies here. Figure 2 shows the energy level structure we envision for cuprates and nickelates, in a hole representation. Both in the hole-doped cuprates (left panel) and in the hole-doped nickelates (right panel) the added hole will go into the oxygen pπ level because adding it to the cation would cost a high Hubbard U . In the electrondoped cuprates (center panel), removing a hole (adding an electron) causes the other hole to 'fall' into the O-pπ orbital. In the hole-doped infinite layer nickelates removing a hole (adding an electron) costs more energy than in the electron-doped infinite layer cuprates, so it is not likely that these new materials can be doped with electrons.
Experiments have so far been reported for one hole concentration. Figure 3 shows the predicted dependence of T c on hole concentration for a typical set of parameters in our model. Within this model T c increases rapidly when the distance between atoms in the plane decreases, as we showed in Ref. [5] . Therefore we predict a large enhancement of T c under compressive epitaxial strain. The dashed line in Fig. 3 shows the expected behavior of T c versus hole concentration under such strain, with an increase in T c at all hole concentrations.
We expect the Hall coefficient in this material to be positive at low temperatures, reflecting conduction of
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holes, for example with Mg Na (assuming it forms with the same structure) would drive to zero in the overdoped regime.
The theory of hole superconductivity predicts a crossover from strong to weak coupling regimes as the hole concentration increases [23] , a scenario which is in qualitative agreement with observations in the cuprates. We may expect to see a similar scenario (although less pronounced) in the doped magnesium diborides. In the underdoped regime (Mg Al ) increasingly incoherent transport and higher resistivity, decreasing coherence length and increasing gap ratio as increases, possibly even pseudogap behavior and charge inhomogeneity. This should only occur for a small range of , however, after which the x,y bands will become full and the behavior will change sharply for larger : superconductivity will disappear, the Hall coefficient will become negative, the transport will become coherent, and the resistivity will decrease as increases further with increasing electron carriers. The lattice stability should also increase in this regime of large . In contrast, in the overdoped regime (Mg Na ) we expect increasingly coherent behavior as increases, with lower resistivity, increasing superconducting coherence length diverging as approaches zero, and gap ratio close to the BCS weak coupling decrease creases fr holes in a single nearly full band. Figure 4 shows the measured Hall coefficient [1] , which turns positive below 50 K. At higher temperature the negative Hall coefficient presumably results from contribution to conduction from both the Cu-O pσ band and the O-pπ band, with higher mobility for the carriers in the Cu-O band. Note that in the undoped case the conduction is metallic above 50K (Fig. 3b in Ref. [1] ), presumably due to the smaller onsite repulsion U compared to the cuprates, and the Hall coefficient is negative as seen in Fig. 4 .
Effect

Within
Within our model, superconductivity is caused by a correlated hopping term in the effective Hamiltonian describing conduction of oxygen pπ holes in a nearly full band [5] , which arises due to the contraction and expansion of the oxygen orbitals depending on their charge content [16] . Superconductivity is driven by lowering of quantum kinetic energy, and neither phonons nor spin fluctuations play a significant role. It requires conduction by holes. We have proposed that this is also the mechanism responsible for superconductivity in iron pnictides [17] , magnesium diboride [18, 19] , H 2 S [20] and all other superconducting materials [21] . Correlated hopping has also recently been proposed to be responsible for superconductivity in twisted bilayer graphene [22] and for superfluidity in systems of ultracold atoms in optical lattices [23, 24] .
As pointed out in Ref. [1] and also emphasized by Sawatzky [25] , the discovery of superconductivity in these nickelates poses a challenge to proposed explanations of cuprate superconductivity that rely on magnetism, Zhang-Rice singlets, Mott physics, RVB, large Hubbard U , spin fluctuations, etc. Even though in elemental form Ni is magnetic, there is so far no evidence for magnetism in the newly discovered nickelates, and the parent un-orbitals and the O 2 orbitals . This naturally leads to large e antiferromagnetic coupling, which many consider to be cen superconducting pairing 24 . Because Ni is one column to the Cu on the periodic table and one oxidation state lower, the al potential in the infinite-layer nickelates is several electronvolts than that of comparable copper oxides; therefore, in hole-doped tes, much less hybridization with the O 2 band is expected . rmore, powder neutron diffraction studies of LaNiO and show no indication of magnetic order down to 5 K and 1.7 K, tively 15 16 , and the resistivity of NdNiO (Fig. 3b) is inconsistent robust insulator (although interface effects may contribute to ctivity). Consequently, two features that are central to copper -the Zhang-Rice singlet and large planar spin fluctuationse absent (or considerably diminished) in these nickelate doped compound is metallic rather than insulating. In some sense these compounds appear closer to the class of superconducting bismuthates [26] , for which both conventional [27, 28] and 'negative U' [29] mechanisms have been proposed. Of course in other respects, e.g. structurally, the nickelates are much closer to the cuprates. Botana and Norman [30] have argued that the electronic structure of nickelates is similar to that of cuprates and suggested a common mechanism. Others would surely argue that so far at least there is no evidence that the nickelates are anything other than conventional BCS-electronphonon superconductors. In summary, it is clear that the discovery of the infinite-layer nickelates [1] with a significant superconducting critical temperature adds an important new member to a growing number of superconducting materials classes [31] . Commonalities and differences between the different classes [32] should help to significantly narrow down the range of plausible theories. In our view, most compelling is the reported Hall coefficient reproduced in our Fig. 4 , which indicates the importance of hole carriers also in this new class. Measurements of the superconducting T c and Hall coefficient at other hole concentrations will help to support our model, as will experiments reporting on the pressure dependence of T c and on tunneling asymmetry [5, 7] . We don't see any reason not to expect significantly higher transition temperatures in this new class of oxide superconductors, particularly if the in-plane lattice constant can be reduced and the carrier concentration optimized.
